Background: Type 2 diabetes mellitus is frequently associated with atherosclerosis with changes in the thickness of the intima-media of carotid arteries which causes increased risk of cardiovascular diseases. Cardiovascular disease is a major cause of morbidity and mortality in this group of patients. The carotid artery reflects the degree of atherosclerosis in the various vessels especially coronary arteries. Measurement of the carotid artery thickness with real time, relatively cheap and non-invasive ultrasonography method is used in monitoring atherosclerotic disease progression and response to treatment. This study is aimed at ultrasonographic evaluation of the carotid intima-media thickness (CIMT) in adult Type 2 Diabetic patients compared to non-diabetic healthy controls matched for age, gender and body mass index (BMI). And to also determine its association if any with selected clinical factors among a native Black African population. Methodology: This was a prospective case control study involving 54 adult type 2 diabetics and 54 adult non-diabetic controls. CIMT was measured at 3 segments of the extracranial carotid arteries by a 7.5 -10 MHz linear transducer of a portable Mindray M5 ultrasound machine. Results: Among the native black African population studied, there was significant difference in CIMT of adult type 2 diabetics compared to healthy non-diabetics adults (p value = 0.012 and 0.001 on the right and left respectively). The mean carotid intima-media thickness in diabetics was 0.81 mm and 0.85 mm, while in non-diabetics it was 0.74 mm and 0.75 mm on the right and left respectively. The presence of diabetes showed independent positive correlation with CIMT (beta: 0.24, p value = 0.004). Age (beta: 0.30, p value = 0.001) and plasma cholesterol level (beta: 0.30, p value = 0.013) also 
Introduction
Diabetes Mellitus prevalence has reached epidemic proportions globally. The World Health Organization estimate of people with Diabetes mellitus was about 366 million people representing 8.3% of the world's population [1] in 2011. While 12.1 million people were estimated in 2010 to be living with Diabetes in Africa and this was projected to increase to 23.9 million by year 2030 [2] . In Nigeria with over 140 million people (2006 census), an estimated 6 million people have Diabetes Mellitus with type 2 Diabetes Mellitus accounting for well over 90% of Diabetes in sub-Saharan Africa [1] . The prevalence of type 2 diabetes mellitus and other non-communicable diseases is increasing in the African communities due to the ageing of the population and lifestyle changes associated with urbanization and westernization [3] . Type 2 diabetes mellitus accounts for well over 90% of diabetics in sub-Saharan African. Until recently, type 2 diabetes mellitus was seen only in adult population but now also seen occurring in children [4] .
In type 2 DM there is disorder of metabolism of carbohydrate, protein and fat. It is characterized by chronic hyperglycaemia resulting from the combination of resistance to insulin action, inadequate insulin secretion by pancreatic beta cells and excessive or inappropriate glucagon secretion by pancreatic alpha cells [4] .
The chronic hyperglycaemia in diabetes gives rise to oxidative stress on endothelial walls with impairment of endothelial function, monocyte adhesion to endothelial cells and consequent thickening of intima-media [5] . This then results in microvascular and macrovascular complications. Microvascular complications include retinal and renal complications, while macrovascular complications include coronary artery and peripheral vascular diseases [6] .
More than half of all diabetic deaths are accounted for by atherosclerotic disease [7] . Clinical and epidemiological studies have clearly demonstrated that diabetics face increased cardiovascular disease morbidity and mortality with three out of four of them dying from cardiovascular complications [7] .
Some of the risk factors for developing adult type 2 Diabetes Mellitus include overweight (fat storage primarily in the abdomen), physical inactivity, family history, black race, increase in age, gestational diabetes and alcohol intake. The presence of subclinical atherosclerotic disease has been shown to be a precursor of macrovascular complications in type 2 diabetics [10] . The risk of macrovascular and microvascular complications is accelerated in type 2 diabetes mellitus [11] . Macrovascular complications including diseases of coronary arteries, peripheral arteries and carotid vessels are manifestations of atherosclerosis [12] . Susceptibility of arteries to atherosclerosis is caused by abnormal metabolic state such as chronic hyperglycaemia, dyslipidaemia and insulin resistance that causes arterial dysfunction. Postprandial hyperglycaemia is known to cause oxidative stress, impaired endothelial function, facilitation of monocyte adhesion to endothelial cells and thickened intima-media contributing to development of atherosclerosis [5] . Therefore, detection of atherosclerosis in the early phase is highly required for effective disease treatment in predisposed individuals.
Ultrasonographic carotid artery intima-media thickness measurement has being widely used as a measure of atherosclerosis in studies on determinants of presence, progression and possible regression during therapy. The intima-media thickness of carotid arteries provides an index of atherosclerosis in other vascular regions and has been shown to be associated with most risk factors for atherosclerosis and can predict future cardiovascular and cerebrovascular events [13] [14] [15] . These wall changes, particularly in the elastic carotid arteries, may be an adaptive mechanism to cardiovascular stress in diseases like diabetes mellitus and hypertension as a result of atherosclerosis [16] .
In view of the very high incidence of type 2 and the reported prevalence of atherosclerotic vascular disease in this category of diabetics in our environment [17] . This study was aimed at evaluating the carotid intima-media thickness in type 2 diabetic and correlations with any clinical/laboratory parameters. 
Materials and Methods

Study Population and Site
Study Design
This was a prospective case-control study. The subjects were informed about the nature and purpose of the study and informed consent was obtained from the subjects while information was sought about their age, family history of diabetes ). Using appropriate size cuff, blood pressure measurement was also obtained and recorded in mmHg.
In addition information about the duration of Type 2 Diabetes mellitus was taken from the subjects' medical records while a recent fasting blood sugar and glycosylated haemoglobin (HbA1c) were documented from patients' case file among the diabetics. The relevant biodata and profiles above were documented in a pre-prepared data sheet. Subjects were asked to fast overnight for at least eight hours and venous blood was obtained for fasting blood sugar (FBS) measurement on the morning of the carotid intima-media thickness measurement in order to screen for diabetes mellitus using glucometer among the controls. Blood sample was also obtained for serum lipids in both subjects and control in order to screen for hyperlipidaemia.
Diagnostic Criteria
The criteria for diagnosing Diabetes Mellitus included the presence of at least 
Sampling
Carotid ultrasound was done on a total of 54 type 2 Diabetics and 54 controls from the adult unit of the GOPD, UCH and healthy volunteers without type 2 diabetes in University College Hospital, Ibadan.
Sample size was calculated using the formula for case control studies by Kirkwood and Sterne [19] . Adjusting for non-response of 10%, the minimum sample size was increased to 51 subjects and 51 controls, making a total of 102 participants. Subjects for the study were randomly selected from their respective clinics.
Inclusion Criteria for Study Participants
Normotensive adults with Type 2 Diabetes mellitus. Inclusion Criteria for controls: Age-and sex-matched normotensive non diabetic adult.
Exclusion Criteria for Study Participants
Adult Type 2 Diabetics with history of: hypertension, hyperlipidemia, stroke, coronary heart disease and cigarette smoking. As well as female diabetics who are pregnant.
Exclusion Criteria for controls include subjects with history of; hypertension, hyperlipidemia, stroke, coronary heart disease and cigarette smoking. 
Ethical Clearance
Obtained from the joint University of Ibadan/ University College Hospital, Ibadan health research ethical committee.
Confidentiality of subjects was preserved by assigning initials and numbers to each participating individual in place of real names. Subjects were required to pay for the ultrasound examination and were free to withdraw from the study anytime.
Ultrasound Technique
Ultrasonographic examination was done using portable Mindray M5 ultrasound machine with 7.5 -10 MHz transducer under real time imaging. After explanation of the procedure and consent obtained, the subjects were positioned supine with the desired neck extension achieved by pillow support under the neck. The neck was rotated 45˚ away from the side being examined to give appropriate neck exposure to visualize the common carotid artery and the internal carotid artery. The air interface between the probe and the skin was minimized by the application of acoustic gel. The scan of the common carotid artery began just above the clavicle and the transducer was rotated cephalad through the bifurcation and parallel to the internal carotid artery. The presence of atherosclerotic plaque was scanned for in the near and far walls of the common carotid artery, the carotid bulb and the internal carotid artery to avoid measurement of the thickness at the site of plaque which gives erroneously increased values. The intima-media thickness of the far wall of the carotid vessels was measured as the distance between the leading edge of the lumen-intima interface and the leading edge of the media-adventitia interface ( Figure 1 ) as described by Touboul et al. [20] .
The following segments were measured: 2) The carotid bulb (B).
3) The proximal internal carotid artery at 1cm from the bulb (C).
Each segment was scanned in longitudinal plane with the sound wave beamed perpendicular to the arterial surface of the near and far walls of the vessel giving the two parallel echogenic lines-the lumen-intima and media-adventitia interfaces. The inner echogenic line and the adjacent hypoechoic line were taken as combined thickness of the intima-media complex. The mean of the average of 3 measurements taken at each aforementioned site on both sides was calculated in millimetre (mm).
Data Entry and Analysis
The data generated was entered into SPSS spread sheet, analyzed and presented using frequency tables, percentages, graphs and means ± standard deviation as appropriate. Associations between categorical and continuous variables were explored using the chi square and independent t test while correlations between continuous variables were explored using Pearson's Correlation. The statistical package used was the statistical package for social sciences (SPSS) software version 20 (SPSS inc. Chicago, IL, USA).
Associations were deemed significant if P-value is less than or equal to 0.05 at 95% confidence interval.
Results
Sociodemographic Characteristics of the Study Population
A total of 130 subjects were enrolled in this study but 108 subjects duly completed the study. 
Clinical Characteristics of the Participants
The mean body mass index for control is 26.0 m 2 /kg and for diabetics is 26.9 m 2 /kg. The mean systolic blood pressure for control subjects is 121.6 mmHg and for diabetics, it is 121.1 mmHg. Others are as shown in Table 2 .
The duration of diabetes ranges from 0.5 -36 months, while the mean duration of diabetes was 4 months. The mean total cholesterol levels were higher in diabetics (162.3 mg/dl) when compared to controls (149.2 mg/dl). This was statistically significant (p = 0.001). The LDL, and triglyceride levels were higher in diabetics than controls, but this was not statistically significant with a p value >0.05 (Table 3 ). 
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Comparison of Mean CIMT between Controls and Type 2 Diabetes Mellitus (T2DM)
The mean carotid intima media thickness was higher in diabetics (0.81 mm and 0.85 mm on the right and left respectively) when compared to controls (0.74 mm and 0.75 mm on the right and left respectively) as shown in Figure 2 . This observed difference in the mean carotid intima-media thickness values for the two groups was statistically significant (right p value = 0.012 and left p-value = 0.001). The average of carotid intima-media thickness for diabetics is 0.83 mm and for controls, it is 0.74 mm (p value = 0.002) ( Table 4) .
Comparison of CIMT by Gender
Among the controls, males had higher mean carotid intima-media thickness than females. This observed gender difference in the mean carotid-intima media thickness values for non-diabetics was not statistically significant (p value >0.05).
However in diabetics, the mean carotid intima-media thickness in the males is the same with females on the right side. It is however higher in males on the left side but this is not statistically significant with p value of 0.442 (Table 5) .
The Frequency Distribution of the Mean Left CIMT Values for Diabetics and Controls
The mean carotid intima-media thickness frequency distribution shows a greater 
Correlation CIMT with Clinical Variables
Spearman's correlation was done to determine association between carotid intimamedia thickness and selected diabetic patients' parameters. There is statistically significant moderate negative correlation between carotid intima-media thickness and HDL among diabetics. Age, total cholesterol, and LDL had statistically (Table 6 ), (Figure 4 and Figure 5 ).
Logistic Regression of CIMT
A multiple linear regression was modelled to determine variables that were independently linked with carotid intima-media thickness. Variables that showed (Table 7) .
Discussion
The intima-media thickness of the carotid artery is considered to be an excellent non-invasive indicator of generalized atherosclerosis and also a surrogate marker of coronary artery disease [21] . Carotid intima-media thickness is defined as the measured distance between the luminal-intimal interface and the media-adventitial interface of the common carotid artery [22] . Normal mean carotid intima-media thickness values of 0.5 mm -0.9 mm have been reported
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for the young (20 -30 years) and for older (>60 years) age group respectively [23] . While values between 0.9 mm -1.4 mm are considered as thickening, values higher than 1.4 mm are indicative of atheromatous plaque [24] .
Previous studies [10] Hospital in China showed that males had significantly higher carotid intima-media thickness than females. In this study higher intima-media thickness was also found in the left carotid arteries of male diabetics, but this was not statistically significant. The discrepancy with the studies done by Khamseh et al. [4] and Sainani et al. [3] may be due to the smaller sample size employed by them. Angel-Marinchev et al. [36] in Berlin, Germany reported that males with type 2 diabetes mellitus had carotid intima-media thickness on the left equal to that of non-diabetic males that were 13.1 years older than them. Similarly, women with type 2 diabetes mellitus had carotid intima-media thickness on the left side equal to that of non-diabetics female that were 14.3 years older than them. The intima-media thickness of the carotid arteries was statistically significantly higher on the left than on the right in the diabetic cases in this study as also reported in the control group though not statistically significant. This finding is in keeping with the literature which supports early onset and progression of atherosclerosis on the left side because this side takes direct origin from the arch of the aorta creating anatomic differences between the sides and thus different shear stress conditions [37] . This finding was also in consonance with the reports of previous authors: Pollex et al. [9] , Naomi et al. [26] , Al Nimer et al. [33] , Liu et al. [38] , and Guvener et al. [39] .
This study showed relative increase in carotid intima-media thickness with increase in duration of diabetes mellitus in agreement with the studies carried out by Sainani et al. [3] and Muieeb-Ur-Rehman et al. [29] . The positive association with duration of diabetes was attributed to continued post-prandial hyperglycaemia resulting to oxidative stress, impaired endothelial function and facili-
tating of monocytes adhesion to endothelial cells and thickening of intima-media which eventually contributes to the development of atherosclerosis independent of HbA1c level [3] . This increase in carotid intima-media thickness with increase in duration of diabetes mellitus in this study was however not statistically significant (p value = 0.301), most likely due to awareness of the affected patients on the need for good life style modification and better compliance with medication as most subjects in this study were educated.
Another important finding in this study is the positive correlation of body mass index with increase in carotid intima-media thickness in T2DM which was statistically significant with p value = 0.035. This is in consonance with previous works of Pujia et al. [40] and Muieeb-Ur-Rehman et al. [29] . This positive relationship may be due to the association between body mass index and vascular size [1] .
From the correlation this study showed that as the subjects' age, total cholesterol, low density lipoprotein and triglyceride increase, there was concomitant statistically significant increase (p -value of < 0.001 in age, total cholesterol and low density lipoprotein and p value of 0.003 in triglyceride) in carotid intimamedia thickness which was concordant with the studies by Sainani et al. [3] , Muieeb-Ur-Rehman et al. [32] and Pujia et al. [41] . In this study it was also discovered that the mean high density lipoprotein was 48.5 mg/dl for control group and 50.0 mg/dl for type 2 diabetics. However, this was not statistically significant with p value of 0.963.
Also it was discovered that in this study, the mean intima-media thickness on the right carotid artery of the controls was 0.74 mm, and 0.75 mm on the left with an average of 0.74 mm which is in concordance with the measurements in controls in the study by Kota et al. [25] in 2013 in India. However, this is a little higher than values reported among the controls in the study by Umeh et al. [41] in 2012 in Ibadan, Nigeria. In that study values reported were 0.638 mm on the left carotid artery and 0.670 mm on the right carotid artery. This difference in carotid intima-media thickness may be due to the fact that the controls in the earlier study were of younger age group (average age was 47.7 years) compared to the average age of 51.2 years of controls in this study, as age has been shown to correlate positively with carotid intima-media thickness [41] . In addition increase in carotid intima-media thickness may also be due to aging, sequel to improvement in life expectancy which is drastically increasing on an account of advancement in quality of health care, quality of education and acceptance of life style modification such as exercise and eating balance diet.
Conclusions
In conclusion, the results from this study show that there was statistically significant increase in carotid intima-media thickness in adult type 2 diabetics when compared with non-diabetics in our environment. This increase in carotid intima-media thickness among the diabetics showed strong positive correlation This study therefore suggests that the carotid intima-media thickness may be clinically useful in the monitoring of vascular changes in the management of type 2 diabetics.
Further research with larger population size may be required to validate some of the findings in this study.
Study Limitations
Manual tracing was used to measure the carotid intima-media thickness. The use of a semi-automated ultrasound border detection program could have further improved the accuracy and efficiency of measurements of carotid intima-media thickness.
Recommendation
Routine ultrasonographic measurement of carotid intima-media thickness at presentation with annual follow-up carotid ultrasonography should be part of the management of adult type 2 diabetics in order to identify patients at risk of cardiovascular and cerebrovascular diseases early.
